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Abstract 

The spin 1/2 baryons are pictured as a composite system made out of a 
"core" of three valence quarks (as in the simple quark model) surrounded 
by a "sea" (of gluon and qq pairs) which is specified by its total quantum 
numbers. We assume the sea is a SU (3) flavor octet with spin or 1 but no 
color. This model, considered earlier, is used to obtain simultaneous fits for 
masses, magnetic moments and Ga/Gv for semileptonic decays. These fits 
give predictions for nucleon spin distributions in reasonable agreement with 
experiment. 
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I. INTRODUCTION 



The simple quark model (SQM) though qualitatively successful, fails to account for low 
energy properties of baryons quantitatively Experimentaly , it is found that quarks cannot 
even account for the proton spin and thus it is necessary to go beyond SQM. Since quarks 
interact through strong color forces mediated by gluons, a physical hadron, in reality, consists 
of valence quarks surrounded by a "sea" of gluons and quark-antiquark (qq) pairs. The effect 
of the sea contribution to hadron structure has been considered by several authors 

In this paper, we study the static properties of the spin 1/2 baryons (p, n, A, ...) following 
Refs. || and || where the general sea is specified by its total flavor, spin and color quantum 
numbers. The baryons are pictured as a composite system made out of a baryon "core" of 
the three valence quarks (as in SQM) and a flavor octet sea with spin and 1 but no color. 
Earlier |8|,[J, such a physical baryon wavefunction was applied to baryon magnetic moments 
and semileptonic decays and gave excellent fits. The purpose of this paper is to use this 
wavefunction to obtain a simultaneous fit to masses, magnetic moments and semileptonic 
decays. 

Sec. [Tl] gives the wavefunction for the physical baryon in our model. Sec. |TTT| presents a 
discussion of the mass operator used and the models for the "core" baryon masses. It also 
gives briefly how the magnetic moments and semileptonic decays are calculated. Sec. [TV| gives 
the combined fits to masses, magnetic moments and semileptonic decays, while a prediction 
of these fits for nucleon spin distributions is discussed in Sec. [V]. Lastly, Sec. |V| gives some 
concluding remarks. 



II. SPIN 1/2 BARYON WAVE FUNCTIONS WITH SEA 

The physical baryon octet states, denoted by -8(1/2 |) are obtained by combining the 
"core" wavefunction 5(8,1/2) (the usual SQM spin 1/2 baryon octet wave function) with 
the sea wavefunction with specific properties given below. We assume the sea is a color 
singlet but has flavor and spin properties which when combined with those of the core 
baryons B give the desired properties of the physical baryon B. Since both the physical and 
core baryon have J p = | + , this implies that the sea has even parity and spin or 1. The 
spin and 1 wavefunctions for the sea are denoted by H and Hi, respectively. We also 
refer to a spin (1) scalar (vector) sea. For £77(3) flavor we assume the sea has 

a ££7(3) singlet component and an octet component described by wavefunctions £(1) and 
5(8), respectively. The color singlet sea in our model is thus described by the wavefunctions 
S(1)H , S(l)Hi, S(8)H , and £(8)#i. 

The total flavor-spin wavefunction of a spin up (|) physical baryon which consists of 3 
valence quarks and a sea component (as discussed above) can be written schematically as 



5(1/2 T) = B(8, 1/2 T)#oS(l) + b [5(8, 1/2) ® Hi] 5(1) 
+ £ a ( N ) \B(8, 1/2 T)# ® S(8) 



N 



N 



(1) 



+ J2b(N){[B(8,l/2)®Hi?®S(8)} N . 

N 
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The first term is the usual g 3 -wavef unction of the SQM (with a trivial sea) and the second 
term (coefficient bo) comes from spin-1 (vector) sea which combines with the spin 1/2 core 
baryon B to a spin l/2f state. So that, 

B{8, 1/2) ® H 1 ] T = y|s(8, 1/2 DfTu - ^Ib(8, 1/2 T)# ll0 . (2) 

In both these terms the flavor singlet. The third (fourth) term in Eq. ([I]) contains 

a scalar (vector) sea which transforms as a flavor octet. The various £77(3) flavor represen- 
tations obtained from B(8) ® £(8) are labelled by iV = 1, 8f, 8d, 10, 10, 27. As it stands, 
Eq. (H) represents a spin l/2f baryon which is not a pure flavor octet but has an admixture 
of other SU(3) representations weighted by the unspecified constants a(N) and b(N). It will 
be a flavor octet if a(N) = b(N) = for N = 1, 10, 10, 27. The color wavefunctions have 
not been indicated as the three valence quarks in the core B and the sea (by assumption) are 
in a color singlet state. The sea isospin multiplets contained in the SU(3) flavor octet 5(8) 
are denoted as (S n +, S n o, SV-), (£#+, Sk°), (Sga,Sj(-), and S v . The familiar pseudoscalar 
mesons are used here as subscripts to label the isospin and hypercharge quantum numbers 
of the sea states. Details of the wavefunction have been given earlier However, for 

completeness the explicit physical baryon states in terms of the core and sea states are given 
in Tables [I] and [II]. The normalization of a given baryon state (not indicated in Eq. (|l|)) 
depends on the parameters which enter in the wavefunction and is different for different 
isospin multiplets (see Table |Tj). 

For our applications we adopt the phenomenological wavefunction given in Eq. ([I]), where 
the physical spin 1/2 baryons have admixtures of flavor SU(3) determined by the coefficients 
a(N) and b(N), N = 1, 10, 10, 27. As we shall see, such a wavefunction which respects the 
isospin and hypercharge properties of the usual spin 1/2 baryon states is general enough 
to provide an excellent fit to the masses, magnetic moments and semileptonic decays data 
simultaneously. Only few of the thirteen parameters in Eq. ([I]) are needed for this purpose. 

For applications, we need the quantities (Aq) B , q = u,d,s; for each spin-up baryon B. 
These are defined as 

(Aq) B = n B (q |) - n B {q j) + n B {q ]) - n B {q j), (3) 

where n B (q f) (n B (q [)) are the number of spin-up (spin-down) quarks of flavor q in the spin- 
up baryon B. Also, n B (q j) and n B (q j) have a similar meaning for antiquarks. However, 
these are zero as there are no explicit antiquarks in the wavefunctions given by Eq. (Ij). 
The expressions for (Aq) B reduce to the SQM values if there is no sea contribution, that is, 
b = 0, a(N) = b(N) = 0, N = 1, 8 F , 8 D , 10, 10, 27. 



III. MAGNETIC MOMENTS, MASSES AND SEMILEPTONIC DECAYS 

For any operator O which depends only on quarks, the matrix elements are easily ob- 
tained using the orthogonality of the sea components. Clearly (B j \0\B' f ) will be a linear 
combination of the matrix elements (B f \0\B' f) (known from SQM) with coefficients 
which depend on the coefficients in the wavefunction, Eq. (]!]). 
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A. Magnetic Moments (MM's) 

We assume the baryon magnetic moment operator, /}, to act solely on the valence quarks 
in B, so that 

A = E (4) 

where \i q = e q /2m q and e g and m q are quark charge and mass for q — u,d, s. 

It is possible to show that the MM's of the spin 1/2 baryons, fis (B — p, n, A, . . .), and 
the transition magnetic moment, /i£OA ; can be written as 

fi B = E ( A <?)% and /i S o A = E ( A 9) S °Vr> ( 5 ) 

q=u,d,s q=u,d 

where the {Aq) B are defined in Eq. @. Expressions for (Ag) B in terms of the parameters 
&o, Pi and P[ are given in Ref. ||. From Eqs. (Q) we see that the MM's depend on the quark 
masses (or quark MM's) and on the parameters bo, a(N), b{N) which determine the sea. 



B. Masses 

For masses we assume that the mass operator H acts only on the quarks in the core B, 
this gives the physical baryon masses 

m B = J2 n BB m B ( 6 ) 

B 

as a linear combination of the eight "core" baryon masses m^ weighted by the coefficients 
£1 B b (gi ven m Table |HI|) which depend on the parameters of the wavefunction, Eq. ([!]). 



The parameters in the wavefunction can be fixed by fitting other data {e.g. MM's) and 
thus determine Q B b- However, we still need to know to be able to calculate tub- For 
this purpose, we assume the mass operator of the form 

H = H + H 8 + H 3} (7) 

where H is flavor SU (3) singlet and H 8 transforms like the eighth component of an octet 
and breaks flavor SU{3) down to SU{2)j ® Z7(l)y. The last term H 3 transforms like 1 = 1, 
Is = or third component of an octet. It breaks SU{2)i giving different masses to members 
of an isospin multiplet in -6(8). 

Given these general transformation properties for H, one can express the eight masses 
of the core baryon octet as 

mp = m - {F 8 + D s ) - {F 3 - D 3 ), 
m h = m - {F 8 + D 8 ) + {F 3 - D 3 ), 
m K = m - 2D 8 , 
m t+ =.m + 2D 8 - 2F 3 , 

m^o = m + 2D 8 , (8) 
m £ _ = m + 2D 8 + 2F 3 , 

m^o = m + {F 8 - D 8 ) - {F 3 + D 3 ), 
ma- =m + {F 8 - D 8 ) + {F 3 + D 3 ), 
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where mo = (B\Hq\B) is the common core mass, while F 8 and D 8 (F 3 and D 3 ) represent 
the two reduced matrix elements for H 8 (H 3 ). It is clear that our choice of H guarantees 
the three sum rules 

m t* = \( m t++ m t-)i ( 9 ) 
nip — rrin = (m,^ + — m^-) — (m,= — rn^), (10) 



and 



where 



2(m 7 Y + ms) = 3m^ + mg (11) 



11 1 

m 7V = 2^ + m ")' m S = + m H-)' m E = g( m E+ + m S" + m £o), (12) 

are the average masses of the isospin multiplets. Eqs. (|T0|) and (|TT1) correspond to the 



Coleman- Glashow [|H]] and the Gell-Mann-Okubo |l !] mass formulas for the core baryons. 
The physical baryon masses m^ do not obey these two relations exactly due to the SU(3) 
breaking in the wavefunction (Eq. ([]])) due to parameters a(N), b(N) for iV = 1, 10, 10, 27. 
However, Eq. (|9|) is obeyed by m^± and m^o since our wavefunction respects isospin. 

As they stand, Eqs. ([8]) provide a model for the eight baryon masses m^ in terms of five 
unknown m , F 3 , F 8 , D 3 and D 8 . We can treat these five as independent parameters or 
try and connect them with the quark masses m q which enter in the baryon MM's through 
fi q . To do this, we note that the naive assumption that m^ is equal to the sum of the 
masses of its three constituent quarks gives mp = 2m u + m d , = m^o = m u + m d + m s , 
m~o = 2m s + m d , etc. Such a model would amount to putting 

m = m u + m d + m s , 

F 8 = m s - -(m u + m d ), (13) 
^3 = ^(m d - m u ), 

with D 3 = D 8 = in Eqs. @. Motivated by this observation, for our fits we also consider 
the alternative model for m^ where 

nip = 2m u + m d - (D s - D 3 ), 
m fl = m u + 2m d - (D 8 + D 3 ), 
m~ K = m u + m d + m s - 2D 8 , 
m^+ = 2m u + m s + 2D S , 

m g o = m u + m d + m s + 2D 8 , (14) 

nij,- = 2m d + m s + 2D 8 , 

meo =m u + 2m s - (D 8 + D 3 ), 

me- =m d + 2m s - (D 8 - D 3 ). 



5 



This model for m B treats D% and Dg as extra independent parameters in fitting mg unlike 
the model for m B in Eqs. (H) which has five parameters. We will use both the models 
(Eqs. (|8p and Eqs. (0)) for m B to make simultaneous fits to baryon masses and MM's. 

Since the actual baryon masses satisfy Eqs. (p|)-([lT|) to a good accuracy, one may ask: 
why not fit the mg with five parameters as in Eq. @?; and does the wavefunction or 
coefficients Q BB play a significant role? The answers lie in the fact that a fit to the 8 physical 
masses m B using Eqs. (|8|) directly (with a theoretical error of 1 MeV) gives ^/DOF = 
50.37/3. Instead, the use of Eq. (H) for m B with m B given by Eqs. (|j) gives very good fits 
to (see Sees. [V] and |V|). So, the wavefunction parameters in fl BB do play a significant 
part. 

C. Semileptonic Decays (SLD's) 

The detailed expressions for Gv,a(B — > B') = (B'\Jy^\B) of the charge changing 
hadronic vector (Jy) and axial vector (J^) currents using our wavefunction (Eq. (g)) are 
given in Ref. ||. Here we briefly summarize how they were calculated. 

The AS* = and AS = 1 vector currents are the total isospin raising (I + = 1+ + 1+ ) 
and l/-spin lowering (VI = V_ + V_ ) operators 151 . The operators and V_ act on 

(s) (s) 

the quarks in the core baryons and I]_ and VI act on the sea states in the wavefunction. 
However, the axial vector current has a quark part and a sea part which may, in 
general, have different relative strengths, so that 

J A (AS = 0, 1) = f A q) (AS = 0, 1) + A ,iJ { a\aS = 0, 1) (15) 

where the constants A and Ai specify the strength of relative to for AS* = 
and A^ = 1 transitions respectively. In SQM, J^ ] (AS = 0) = E^+^J and J^ ] (AS = 
1) = E g Vl q) al so that, in analogy, we took J^iAS = 0) = 2/j s) S^ and jjf } (A5 = 1) = 
2Vl s) S^ where is the spin operator acting only on the sea states in the wavefunction. 
For AS* = transitions, the quark part was sufficient so that Aq = for all the fits. For 
AS = 1 transitions, a direct sea contribution through is needed when the theoretical 
error on the MM's is very small. 

IV. COMBINED FITS AND RESULTS 

In the last section, we have considered three possible models for m B (the core baryon 
masses) which could be used in Eq. ([|). These are: 

A) The naive or simple quark model assumption that the mass of baryon B is equal to 
the sum of its three constituent quarks. Thus, all m B are given in terms of 3 m g 's (q = u, d, s) 
and this corresponds to use of Eq. (|T^) with D 3 = D 8 = 0. This model is attractive as it 
does not introduce new parameters for m B since the m g 's enter as parameters in the MM's 
(see Sec. |HIAD . 

B) The model for m B is given by Eq. (|nj) and introduces two new parameters D 3 and 
D 8 for eight m B . For the 3 average isospin multiplet masses (see Eq. (0)) m^, m^, m~ and 
rrij^ this model has D 8 as an extra parameter. 
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C) This model for is given by Eq. (H) and introduces 5 new parameters (mo, F3, 
D 3 , F 8 , D 8 ) for the m^'s and three parameters (m , F 8 , D 8 ) for the average isospin multiplet 
masses. 

To test the viability of these models we made extensive and systematic fits to the 8 
masses and 8 MM's using Eqs. For the fits we used theoretical errors added in 



quadratures to the experimental errors ||12|| . For the MM's of the baryons we chose initially 
0.1/^at and for the masses 1 MeV. A motivation for adding these errors is that all masses 
and MM's are treated "democratically" 



A. Fits for Masses and MM's 



We briefly summarize the main results ||13|| . 



Fit 1. Use of Model A for the masses gives x 2 1 DOF = 146/9 for 16 data for the best 
fit with seven parameters (4 for the sea and 3 m g 's). 

Fit 2. Use of Model B for the masses improves the situation dramatically because of 
the parameters D% and D 8 . This best fit gives x 2 1 DOF = 5.47/8 with eight parameters (3 
for the sea, 3 m^'s, D 3 , and D 8 ). 

Fit 3. Use of Model C gives x 2 /DOF = 2.5/6 with 10 parameters (2 for the sea, 3 
m g 's, and 5 (m , F 3 , F 8 , D 3 , D 8 ) for the masses). 

What we learn from the above is that Model A is not viable. As we shall see, Model B 
works only with a generous theoretical error like 0.1/iat for the MM's and later fits will use 
only Model C which seems the most viable model for the core baryon masses. 



B. Results for Masses Using the Wavefunction Determined by Earlier Fits to MM's 

and SLD's 

In Ref. |J, excellent 3 and 7 parameter fits were obtained to MM's and SLD's (12 data) 
using theoretical errors of 0.1 /xjv and 0.001 /ijv respectively. Since these fits specify the m g 's 
and the wavefunction it is of interest to see their prediction for the masses. The prediction 
for the 4 average isospin multiplet masses using Eq. (|6|) and Model C are given in Table |IV]. 

As we can see, the prediction for the masses are fairly good. This encouraged us to make 
fresh combined fits to 8 MM's, 4 semileptonic decays (SLD's) and 8 masses using Model C. 



Combined Fits to MM's, SLD's and Masses 



The combined fits here are different from those in Ref. || since, in addition to MM's 
and SLD's, we also fit the baryon masses. For the masses and MM's Eqs. (|])-(§) were used 
together with Model C for the core baryon masses. The Gy and Ga for the SLD's depend on 
the sea parameters and they were calculated as described briefly in Sec. [ill C . For explicit 
expressions for Gy and Ga see Ref. @. 

For AS* = transitions, the quark part was sufficient so that Aq = for all the fits. For 
AS = 1 transitions, a direct sea contribution through J A S ' is needed when the theoretical 
error on the MM's is very small. In Table M, A\ — for theoretical error of 0.1 /ijy (fit in 
Column 3) while for theoretical errors of 0.01 [i^ and 0.001 fi^ (fits in Columns 4 and 5) 
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we took A\ = — 1. These values for Aq and A\ can be treated as input values since varying 
them does not affect the fits too much. 

Fits to 20 pieces of data were made using theoretical errors of 0.1 fi^, 0.01 /i^ and 
0.001 for the MM's. In each case, a theoretical error of 1 MeV was used for the masses, 
while experimental errors were used for Ga/Gv for the SLD's. The results are displayed in 
Table [V] and the values of the parameters are compared in Table [V] . 



Of the many good fits possible, Table [V] displays fits which have a reasonable x 2 /DOF 
with as few parameters as possible^. The number of parameters describing the sea increase 
from 2 for a large theoretical error of 0.1 /i^ to 6 for small error of 0.001 fi^. Our fit for 
0.1 /ijv theoretical error is comparable to other phenomenological fits which use this error to 
fit MM's and SLD's alone. Fits for the extremely small theoretical error, e.g. 0.001 /ijv (close 
to most experimental errors) are not given by other models. In contrast, our wavefunction 
gives a very good fit (Column 5 of Table |V|) suggesting that our phenomenological model 
for incorporation of the sea may be in the right direction. 

Most of the x 2 in the 0.1 fi^ fit is from SLD's. Actual break up for 0.1 hn is Xmm = 2.61, 
xLsses = °- 75 ' Xsld = 6-90, while for 0.001 //jv it is Xmm = 0.81, xLsses = 0-62, xIld = 1-23. 



Comparison of the parameters for 3 fits in Table [VI] shows the following: 
a) The values of the quark masses which enter in the MM's are approximately the same. 
For smaller theoretical error on MM's the data requires m u > m^. The m g 's obtained do 



not satisfy Eq. (|13l) ruling out Model B for the core baryon masses. 

b) The 5 parameters of Model C for core baryon masses are approximately the same. 
It is interesting that the average core baryon octet masses mo ~ 1159 MeV is close to the 
experimental value \ Yl,B' m B ~ 1151 MeV. 

c) Since the m q needed for the MM's do not satisfy Eq. (|T3|) , it is clear that the sea is 
responsible (through Eq. (^)) for a good fit to the physical baryon masses. 

d) One requires more parameters to describe the sea as one reduces the theoretical error 
on the MM's. The extra parameters are connected with the vector sea component in the 
wavefunction. 

e) SU (3) flavor breaking effects in all the fits are mainly given by the scalar sea param- 
eter a(10) which contributes only to the X^' and S°, S~ MM's and masses. For smaller 
theoretical error, breaking effects through the vector sea parameter 6(1) (which contributes 
only to /iA and m\) are needed. 



Table [VI| also gives the values of (Aq) p which are relevant for the measured [1,16] nucleon 
spin distribution discussed below. The interesting point to note is that in all fits (Au) p ~ 1, 
(Ad) p « —0.26 to —0.3 with quite small (As) p ~ 0.01. This in contrast to other models 
[14,15] which require (Au) p « 0.8, (Ad) p ss —0.5, (As) p rs —0.15. Thus, our fits need only 
a small strange-quark content in the nucleon and thus, are physically quite different to the 
other phenomenological fits in the literature. 



1 Note, very much lower x 2 can be achieved for fits in Columns 4 and 5 of Table ^ with more 
parameters for the sea. 
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V. SPIN DISTRIBUTIONS 



The spin distribution, Iib, for baryon B is defined as 



Iib = / 9iB(x)dx, (16) 



o 



where the spin structure function gig occurs in polarized electron-baryon scattering. 

In SQM, Iib is given by the expectation value I\b = (B\l[ q ' \B) where the quark operator 
l[ q) = (l/2)EgeM- This gives 



T (i) _ 1 
hB ~ 18 



A(Au) B + (Ad) B + (As) B . (17) 



In our model in addition to the quarks there can be a direct sea contribution I\b = (B\i[b\B) 
where by analogy we take l[ s ^ = e 2 S^ . Thus only the charged states in the vector sea will 
For the nucleons, 



contribute to l\ s 2. For the nucleons, one obtains 



Putting the two contributions together we have 

i 1B = iii + B x iii (19) 

where B\ determines the strength of the direct sea contribution to the valence quark contri- 
bution. Since the value of Bi is not known a priori, so phenomenologically it may be treated 
parameter. 

Experiment [1,16] gives I\ v = 0.126 ± 0.018 and I\ n = —0.08 ± 0.06 which are very 
different from the SQM predictions I\ v = 5/18 = 0.2778 and I\ n = 0. One must note that 
the EMC experiment gives I\ p for (Q 2 ) = 10.7(GeV/c) 2 and this could be very different 
for the very low Q 2 (~ 0) result predicted by SQM or other theoretical models. This could 
mean that a model which gives values for Iib differing by 2-3 standard deviations from 
experiment may be quite acceptable. 

Using the values for (Aq) p in Table |VT] it is clear that our values for 1$ (« 0.2) are 
much lower than the SQM value but still 4cr higher than experiment. This may be due to 
the large (Q 2 ) in the experiment. In our model, in addition to the quark part l[ 9 g one can 
invoke the direct sea contribution l[ S g. The numerical values are listed in Table |V11| with 
the choice B\ — — 1. As one can see, one obtains good agreement with experiment only for 



the fit (second column, Table [VI H ) when extremely large theoretical error for the magnetic 
moments was used. 



VI. SUMMARY 

We have shown that our wavefunction, for spin 1/2 baryons, which incorporates a flavor 
octet sea component can simultaneously give a good fit to their magnetic moments, weak 
decays constants Ga/Gv f° r both AS = 0, 1 semileptonic decays as well as the eight baryon 
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masses. In addition, these fits give viable predictions for the nucleon spin distributions. The 
sea was found to be both scalar (spin 0) and vector (spin 1). The SU(3) flavor breaking in 
the wavefunction is mainly due to the scalar component. Two important features of the fits 
are that the valence quarks carry about 70% of the proton spin and that the nucleons have 
a small strange-quark content. 

In conclusion, our model can account for all the static properties of the eight low-lying 
spin 1/2 baryons. 
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TABLES 

TABLE I. Contribution to the physical baryon state B(Y, I, I3) formed out of B(Y, I, I 3 ) and 
flavor octet states S(Y,I, I3) (see third term in Eq. (1)). The core baryon states B denoted by 
p, h, etc. are the normal 3 valence quark states of SQM. The sea octet states are denoted by 
S n + = 5(0, 1, 1), etc. as in Eq. (3). Further, (NS n )ij s , (25^-) ij 3 , (ES^i^, . . . stand for total /, 
I3 normalized combinations of N and <SV, etc. Only the contribution from the third term is given. 
Fourth term has exactly the same flavor symmetries with coefficients (/?i, 7i, Si) — > 7^, S^). 

See Table |Tl| for the coefficients 0i, 7$, and Si. 



B(Y,I,I 3 ) B(Y,I,I 3 ) and S(Y,I,I 3 ) 

p 0lpS v + (3 2 AS K + + h{NSir)l/2,l/2 + &CE£A-)l/2,l/2 

n (3inS v + (3 2 AS K o + Pz(NSk)x/ 2 -1/2 + Ai(£5k)i/2 ,_i/ 2 

2° 0x^°S n + /? 2 A5^ + /% (25^)1/2,1/2 + At (£5#) 1/2,1/2 

2~ /3i2~5 r? + (3 2 AS^- + ^3(25^)1/2-1/2 + A(S%)i/2-i/2 

S + 7iP%o + 7 2 2°5 E -+ + 7 3 A5 7r + + 74^+5,, + 75(25^)1,1 

XT jinS K - + j 2 E'S K o + 73A5,,.- + 7 4 S"5^ + 75(25^)1-1 

2° 7i(iV5^)i, + 72(25^)i,o + 7aA5 7r o + 742% + 75(^)1,0 

A <Ji (^5^)0,0 + S 2 (ES K ) 0fi + ^A5„ + <5 4 (S5^) ,o 
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TABLE II. The coefficients Pi, 7j, and 5i in Table | expressed in terms of the coefficients 
a(N), N = 1, 8 F , 8 D , 10, 10, 27, in the 3 rd term (from scalar sea) in Eq. (1). The corresponding 
coefficients /3' i: fy, 7^, and 5[ determining the flavor structure of 4 th term in Eq. (1) can be obtained 
from 0i, etc. by the replacement a(N) — > b(N) (see text). 



ft = v^ (3a(27) " a(8o)) + ^ a ( 8F ) + a ( 10 )) 



02 



= (3a(27) - a(8 D )) - ±(a(8 F ) + a(10)) 



h = ^("(27) + 3a(8 D )) + ±(a(8 F ) - a(10)) 

^ 4 = -^fW 27 ' + 3a ( 8 n)) + |W 8 f) - «>(f0)) 
71 = -^(V2a(27) - V3a(8 u )) 
+-i=(a(8 F ) - o(10) + a(10)) 



72 



■^(V2a(27) - V3a(8 D )) 



— (a(8 F ) - o(10) + o(10)) 



v*5 



73 = ^=(%/3a(27) + x/2a(8 D )) - |(a(10) + a(10)) 



74 = -^=(V3a(2T) + \/2a(8 D )) + |(a(10) + a(10)) 



75 = ^g(2a(8 F ) + a(10) - a(10)) 



^ = v^ (3a{27) ~ a(8o)) ~ 5M 8 f) - "(10)) 
fa = ^(3a( 2 7) - a ( 8 D)) + |K8 F ) - a(10)) 

& = -^n (a(27) + 3a ( 8 o)) + \ W 8 f) + a ( 10 )) 

/34 = ^("(27) + 3a(8 D )) + ±(a(8 F ) + a(10)) 
5i = ^(V3a(27) + V2a(8 D )) 

+ |(v / 2a(8 F ) + a(l)) 
<5 2 = -^(V3a(27) + V2a(8 D )) 
+ i(v / 2a(8 F )-a(l)) 



5 3 = ^a(27) - ^a(8 D ) - ^a(l) 



v^ 27 > 



3 a (8 D ) + ^a(l) 
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TABLE III. The coefficients tt BB in Eq. (§). Here Q! B = N?Q BB , where N { (i = 1, 2, 3, 4) are 
the normalization constants for the (p,n), (£ , and A isospin multiplets, respec- 

tively: AT 2 = ^ 2 +a 2 (10)+6 2 (10), iV 2 = iV 2 +a 2 (10)+6 2 (10), Af = iV 2 +E7v=io,io[« 2 (A r )+& 2 (A r )], 
and Nl = N$ + a 2 (l) + 6 2 (1), with iV 2 = 1 + 6 2 + E^^fa 2 ^) + &=W 



-/)/; 



p£ 



l + 6 2 + ^ 2 + p 2 + ^ 2 + i^ 2 

-=|(^i+^ 2 ) 





n' - = 

O'x = 

pA 



Of r 

nA 

= n^. 



- 1 (^1+^ 2 



3 



4 ^ 



n'„ . = = 

=, u p a n - 



E+ 



_ = = 

_ u n q p 

= §(/3| + /9f) 
= 



H°A 



Q' - - O' - 



= |(/?4 2 + /3: 



>/2\ 



fi' coeo = QU- = 1 + 6 2 + /3 2 + i/3 2 + /?f + 



E+p 



E+A 
l 

E+EO 
/ 

E+S° 



E+S" 



= = 

- O' - 

" 12 E-E° 
= <W 
= ^E+=- 



7i 2 + 7? 
= 7 3 2 + 73 2 



|(7 5 2 + 7?) 
7 2 2 + 7 2 2 



E+n 



E+E+ 



E-p 



E-E- 



l + ^ + 74 2 + |7 5 2 + 74 2 + l75 



/2 



E+E- 



E°S 



E-E- 



v i 3 + ^S-fl) 



^Ap = 
^AE+ 



^An 

= 0' 



2^ 2 +5i 2 ) 



AE° 



AS- 



n' AK = l + b 2 + 5 2 3 + 6'i 

n' 



AE° 



^- = ^(5 2 2 +5 2 2 ) 
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TABLE IV. Results of the fits for the average masses of the baryon isospin multiplets, mjv, 
mn, ms, and to a with the sea and quark mass parameters given in Ref. [9]. The masses were fitted 
adding a theoretical error of 2MeV in quadratures to experimental errors. We also give the values 
of the mass parameters too, F$, and Dg. 



Average isospin 


Data 


Prediction 




multiplet mass 


(MeV) 


0.1/ijv 


0.001/Jiv 


m N 


938.91897 ± 0.00028 


939.558 


940.636 


to a 


1115.684 ± 0.006 


1114.73 


1113.19 


ms 


1193.1118 ± 0.111 


1192.74 


1192.07 


TO= 


1318.11 ±0.61 


1318.87 


1320.01 


to 




1157.46 


1157.13 


F 8 




223.65 


213.72 


D s 




31.20 


23.21 


X 2 (masses) 




0.50 


3.48 


X 2 (MM's+SLD's) 




10.70 


1.02 


X 2 (total) /DOF 




11.20/10 


4.50/6 
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TABLE V. Results of the combined fits for MM's (in /j, N ), Masses (in MeV), and SLD's. The 
MM's were fitted with three different theoretical errors: 0.1/j.n, 0.01//at, and 0.001/iAr. In each 
case, the masses were fitted with a theoretical error of 1 MeV, while experimental errors were used 



for the SLD's. The values of the fitted parameters are given in Table VTj. For the fit in Column 3, 
input values m u = = |m s were used. Note, fits with m u = rrid for theoretical errors of 0.01/iAr 
and 0.001/xat are possible and give x 2 /DOF of 9.78/8 and 7.01/7 respectively. 

Quantity Data 0.1/xjv O.OI^at O.OOI^tv 

p7 p 2.79284739 ±6 x 1(T 8 2.78188 2.79611 2.79286 

H n -1.9130428 ±5 x 10~ 7 -1.95706 -1.91252 -1.91306 

HA -0.613 ±0.004 -0.668 -0.623 -0.613 

/i E + 2.458 ±0.010 2.522 2.453 2.457 

/i E o 0.706 0.649 0.656 

/z E - -1.160 ±0.025 -1.110 -1.155 -1.146 

H 3 o -1.250 ±0.014 -1.157 -1.244 -1.250 

Ms- -0.650 ±0.0025 -0.650 -0.646 -0.651 

I/*EoaI 1.61 ±0.08 1.51 1.55 1.55 

m p 938.27231 ±0.00028 938.362 938.283 938.126 

m n 939.56563 ±0.00028 939.747 939.705 939.528 

m A 1115.684 ±0.006 1115.28 1115.44 1115.95 

m s+ 1189.37 ±0.07 1189.08 1189.13 1189.18 

m E o 1192.55 ±0.08 1193.06 1193.09 1193.16 

m E - 1197.436 ±0.033 1197.05 1197.06 1197.14 

m 3 o 1314.9 ±0.6 1315.03 1314.92 1314.69 

ma- 1321.32 ±0.13 1321.52 1321.48 1321.28 

G A /G v (n^p) 1.2601 ±0.0025 1.2598 1.2599 1.2602 

Ga/Gv(A — > p) 0.718 ±0.015 0.739 0.726 0.719 

G A /G v (T l ~^n) -0.340 ±0.017 -0.304 -0.338 -0.339 

G A /G V (E-^A) 0.25 ±0.05 0.22 0.20 0.19 

Inputs: A 

A x -1 -1 

X 2 / D OF 10.27/12 3.91/7 2.66/6 
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TABLE VI. Comparison of the sea and mass parameters for the three fits shown in Table [V| 
and the values of (Aq) p . The parameters o(8f) and a(10) refer to a scalar sea while &o, 6(1), 6(8d) 

and 6(8f), and 6(10) refer to a vector sea. Note, mo, F%, F$, D3, D% parametrize the core baryon 
masses (See Eq. (||)). See text for details and Table |V| for results. 

Parameter 0.1 [In 0.01 [In 0.001 fi]\r 

m~ u 249.435 253.445 253.346 

m d 249.435 246.429 247.218 

m s 374.153 382.796 379.122 

m 1158.73 1159.42 1159.23 

F 8 225.263 208.397 208.723 

D 8 31.728 26.688 26.797 

F 3 2.491 2.275 2.286 

L> 3 2.041 1.670 1.691 

o(8 P ) -0.1378 -0.1297 

o(10) 0.5922 0.5183 0.5201 

6 0.3869 0.3816 

6(1) 0.0960 

6(8 D ) 0.5658 0.2438 0.2827 

6(8 F ) -0.1443 -0.1050 

(Au)p 0.9642 1.0035 1.0006 

(Ad)P -0.2956 -0.2564 -0.2597 

(As)P 0.0081 0.0074 0.0074 



TABLE VII. Predictions for nucleon spin distributions I\ p and I\ n (for 3 cases, see Table |V| 
and Table [V|) using the combined fits given in Sec. [V. The predictions are based on Eq. (jl^) for 
the choice B\ = —1. 



Data 



% 
hp 



0.1 n N 



0.01 n N 



0.001 fi N 



h p = 0.126 ±0.018 



0.198 
0.080 
0.118 



0.209 
0.013 
0.196 



0.208 
0.017 
0.191 



I ln = -0.08 ± 0.06 



1 ln 
hn 



-0.01 

0.09 
-0.10 



-0.001 
0.02 
-0.02 



-0.001 
0.02 
-0.02 
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